TOF measurements with
MCP’s

J.Va’vra, SLAC

Light travels 300um in one ps




Point this talk

 Two possible directions to make a TOF counter:
- High gain MCP operation

- detector is sensitive to single photoelectrons.
- excellent TOF resolution of 5-10 ps; thin radiator of 3-5 mm possible.
- possibly serious QE aging problems.

SuperBelle: MCP rate of single pe’s could be easily > 100 kHz/cm? at L ~ 103%/cm?/sec

(TOP counter in the barrel region)

- Low gain MCP operation

- detector is sensitive to tracks only, and not sensitive to single photoelectrons.
- Somewhat worse TOF resolution of 15 ps; thicker radiator of 7-10 mm.
- possibly much smaller QE aging problems.

SuperB: MCP track rate is expected to be only < 2 kHz/cm? at L ~ 10°6/cm?/sec

(Forward TOF counter in the endcap region)

3/4/09 J. Va'vra, ps workshop, Argonne lab




High gain operation

Example: Nagoya TOF counter




The Nagoya test in the beam

K. Inami, H. Kishimoto, Y. Enari, M. Nagamine, and T. Ohshima, “ A 5 ps TOF-counter with MCP-PMT”,
Nucl. Instr. & Meth., A560(2006)303-308.

Vary the length

Beam test setup: two identical TOF detectors

Quartz radiator: 10 mm dia. rod, coated with Al on its round sides, and
Length: 40, 30, 20, 10 mm and no radiator (just a 3 mm quartz window).
They claim: Npe ~ 20 for L = 3 mm, and Npe ~ 40-50 for L = 10 + 3 mm.
The best resolution result was obtained for L = 10 + 3 mm.
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Hamamatsu MCP-PMT TTS measurement

MCP-PMT R3809U-50:

Rise time: ~150ps

SUPPLY VOLTAGE : -3000V
RISE TIME ]
FALL TIME . 360ps
PULSE WIDTH : 300ps

QUTPUT VOLTAGE (20mV/div)

TIME (0.2ns/div)

3/4/09

Hamamatsu data sheets

6 um MCP hole diameter

Useful photocathode dia.: 11 mm, Single pixel device

Rise time: ~150 ps.

Multi-alkali photocathode (NaKSbCs), QE ~26% at 407nm.

MCP-to-anode capacitance: ~3pF

Oprs = 10-11 ps
HPK C5594-44 amp., 1.5 GHz BW, 63x gain
Laser light source jitter contribution: ¢ ~ 2.1 ps
(Red wavelength of Nd-YAG laser: A = 596 nm)

Nd-YAG laser setup to measure Oppg:

MODE LOCKED Nd-YAG LASER

PULSE | | DYE
COMPRESSOR | | JET
LASER PULSE WIDTH: 5ps (FWHM)

FILTER BS ———
' CAVITY

MONOCHRO- |
METER - DUMPER
R3809U-50 POWER
' T SUPPLY TRIGGER
i Lasiady | GiRoUIT | HAMAMATSU
s PD 85073
C3360

AMP. | HAMAMATSU DELAY |
T C5594
ORTEC 457 |

|
L START STOP
C.FD. | 1ac. | [ ern. | vasigiie

TC454

| M.CA. | COMPUTER

TTS distribution:

MIRROR

COUNTS

200 400

TIME (ps)
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Electronics resolution

K. Inami, H. Kishimoto, Y. Enari, M. Nagamine, and T. Ohshima, “ A 5 ps TOF-counter with MCP-PMT”,
Nucl. Instr. & Meth., A560(2006)303-308.

Time-correlated single photon counting module :

Becker & Hickl GmbH SPC-134 CFD/TAC/ADC

813 fs / count

Time resolution achieved: Og, i onics ~ 4-1 PS
This result is slightly better than our Fermilab
test beam result, however, worse than my bench

tests at SLAC. In other words, the Ortec |
CFD/TAC/ADC electronics pretty good. e

TDC (ch/0.814ps)
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Single photoelectron response with a laser

K. Inami, H. Kishimoto, Y. Enari, M. Nagamine, and T. Ohshima, “ A 5 ps TOF-counter with MCP-PMT"”,
Nucl. Instr. & Meth., A560(2006)303-308.

MCP-PMT R3809U-50: Oprs = f(HV) Gain = f(HV)

- O counter 1 i Ocounter 1__
| O counter2 . O counter 2

HV [kV] HV [kV]

They operated the device at a very high gain of ~2x10¢ at 3.4 kV.
They measure o ~ 32ps, even though Hamamatsu says o ~10-11 ps.

No reply when I asked why they did not use the Hamamatsu number.

Inami told me that they have operated the beam test without an amplifier.

No reply to my question if pulses saturated for longer radiators.
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Detector response in the beam

K. Inami, H. Kishimoto, Y. Enari, M. Nagamine, and T. Ohshima, “ A 5 ps TOF-counter with MCP-PMT"”,
Nucl. Instr. & Meth., A560(2006)303-308.

PR T R T ST T T N S R T IS T N S ST
\ 100 120 140
counter 1 counter 2 ADC (ch/0.25pC)

 No dependence of timing on ADC - in contrast to our test at Fermilab

 No amplifier used in the Nagoya test.
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The best beam results so far

K. Inami, H. Kishimoto, Y. Enari, M. Nagamine, and T. Ohshima, “ A 5 ps TOF-counter with MCP-PMT”,
Nucl. Instr. & Meth., A560(2006)303-308.

Quartz radiator length: 10 + 3 mm RB11111]

Single

detector

| & Oror = O 2
resolution: A ! TOF measure

" 80 120 Y
TDC (ch/0.814ps)

e Two identical HPK MCP-PMT R3809U-59-11 with 6 wm holes.
e  MCP-PMT operated at a very high gain of ~2x10°.

* No amplifier to avoid saturation effects in CFD timing
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How well do we understand it with MC ?

K. Inami, H. Kishimoto, Y. Enari, M. Nagamine, and T. Ohshima, “ A 5 ps TOF-counter with MCP-PMT”,
Nucl. Instr. & Meth., A560(2006)303-308.

Data & MC

@ counter 1 @ Beam-test
l counter 2 O Simulation
QO Simulation

|
10 20 30 40 10 20 30 40 50
Quartz thickness (mm) - Quartz thickness (mm)

Mystery #1: Measured number of Npe is SIGNIFICANTLY larger than expected.
Mystery #2: MC does not reproduce data well.
Mystery #3: L = 10 mm gives the best resolution; MC predicts L = 20-30 mm.
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A simple calculation ?

My version of simple model (Nagoya people have similar but less correct formula in the paper)

OTOF ~ \/ [02 MCP-PMT + 02 Radiator + 02 Pad broadenibng + 02Electr0nics ] =
=V [(Ops/VNL)? + (L*1000um/cos©)/(300um/ps)/n,,, )V (12Npe))? +
+ ((5*1000um/300um/ps)/V (12Npe))? + (4.1 ps)? |
For L =13 mm: Opop~V [4.182 +3.62+0.632 +4.12]1~6.9 ps

group

Assume Oppg ~ 32 ps: Assume Oppg ~ 11 ps:

B £
- e
(@) o
F'l =
= cul
& g
n w0

20 30 4( : 10 20 30
Radiator length [mm] Radiator length [mm)]

* A simple model actually does work quite well, if one assumes G ~32 ps .
e Assume, as Nagoya people suggest: Npe = 40-50 pe / L = 10 mm
e Assume a beam size = acceptance of a 5 mm x S mm beam counter.
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Low gain operation

Example: SLAC TOF counter




Tests with Photonis MCP-PMT

MCP-PMT 85012-501: 10 pym MCP hole diameter
el ' 64 pixel devices, pad size: 6 mm x 6 mm.

PiLas red laser diode operating in the single
photoelectron mode (635 nm):

Opps <V (322-132-112) = 27 ps

N

PiLas laser diode Electronics (TDC mainly)

Two identical counters in the beam:

Hamamatsu C5594-44 amplifier — —
1.5 GHz BW, 63x gain A~ aall

ADC
(14 bits)

ADC
i

ADC
(14 bits)
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SLLAC TOF counter prototype

~0.250”
Note: Spring has to
be soft not to break
the window

¥0-Z¥L-06¢
~60mm X ~60mm

Cable
shield
soldered

¥31dvaY
¥3INNOD 401
VIS
[ /7 N

Cherenkov
radiator

10mm dia.,
10 mm long, \ Standoffs to

Aluminized Al (0.257) support the
surface Grease SMA cable

Cylindrical radiator coated with Al on its sides

 Concentrate light on 4 pads to increase S/N to be able to run low gain
e Short together 4 pads to get a signal; all the rest of pads grounded.
e A 10mm-long, 10mm dia, quartz radiator, Al-coating on cylinder sides.
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Electronics resolution in the Ortec CFD/TAC/ADC system

J.Va’vra, MCP-PMT log book 4
e SLLAC bench tests:

1-st calibration of TAC566 & ADC114

Control unit

PiLas Jeff Peck’s pulser

635 nm (Impecable Instr.): T s ' ¥ = 0.00319x + 130892

Time [ns]

L S— : 3.19 ps/count.

Laser diode \

' TOFI (Start) .Z. 2000 4000 6000 8000 |l'H'.MI[J lll.NNI |-H'.N'I[J 16000 18000
MCP-PMT Pulser ADC [counts]

Electronics resolution of Ortec CFD9327/TACS66/ADC114

. .
’ i Ortec 9327 . , | A/Fel milab beam test

Amp/CFD

o single_detector

Fiber splitter

MCP-PMT 2000 4000 6000 8000 10000 12000 14000 16000
ADC count

Ortec 9327
> Amp/CFD

TAC 566

TOF2 (stop)

e Smallest electronics noise to my knowledge.
e Electronics noise depends on the ADC count.
 Fermilab test beam electronics noise slightly worse than in SLAC bench tests.
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Expected Npe

Wavelength bandwidth of this TOF counter:

—o— Ideal Photonis QE (Bialkali)

—@— MCP window transmission

i —O—Real Photonis QE
—a— Final efficiency

=
e
@
=
=
72}
=)
=
S
2
-
3]
=
e

1000 2000 3000 4000 5000 6000
Wavelength [A]

—— Transmission of optical grease |

7000

500 W) 05!
Wavelength [nm]

Scale down the “optimistic” Burle QE
using a luminous sensitivity in blue
provided by Photonis for this particular
tube

e C(Calculation using all known efficiencies: Npe ~ (30 + 42)/2 ~ 36.
e Scope test in the Fermilab beam test: Npe ~45 + 10.

[Procedure to determine Npe: (a) scope measurement of average PH, (b) scope measurent of
a cable delay, (c) measure amplifier amplitude attenuation for the same csable delay, (d) gain
correction due to a different voltage used in my best resolution measurement]
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Planacon opyg at very high gain
J.Va’vra et al., Nucl.Instr.&Meth. A 572 (2007) 459—462, and my log books 3 & 6,2006 & 2008
1) ~300 MHz BW electronics:

J Photonis Planacon, s/N 11180401
AR Cope el it R e IO DD 10 wm MCP hole diameter

2.8 KkV
Single pe sensitivity

Philips 715
CED

_. Single pe-

TDC 2248

Slow down amplifiers by a long cable between Amp & CFD
(optimum was found to be ~20ns).

» START

STOP
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Planacon opyg at very high gain

J.Va’vra et al., Nucl.Instr.&Meth. A 572 (2007) 459-462, and my log books 3 & 6,2006 & 2008

1) ~300 MHz BW electronics:
HPK (C5594-44 amp, Ph1111ps 715 CFD:

4{}[};1\ \I]\ l[l[lm\ d]\

Orrs ~
{

~30 ps

Orrs ~
322-(30/2.35)>

~30 ps

_. Single pe-

Slow down amplifiers by a long cable between Amp & CFD ° CFD timing.

(optimum was found to be ~20ns).

2) ~1 GHz BW electronics:
Ortec 9327CFD, TAC566, ADCl 14

CFD
monitor:

v 392.(30/2.35)2

~36 ps

1V 322-(30/2.35)

J Photonis Planacon, s/N 11180401
10 pm MCP hole diameter
28 kV
Red laser diode (635 nm)

Single pe sensitivity

Philips 715
of e
Detector

TDC 2248

» START

STOP

Otime = Onoise/ (dS/ dt)

ds/dt

Zero crossing point

Otime

Note:
The best results obtained with slower electronics
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Oprs at low gain - the same condition as during the beam test
J.Va’vra et al., Nucl.Instr.&Meth. A 595 (2008) 270-273

Nominal MCP voltages, G ~2x10*: 0 ~VIOPycppvr *+ Praser + Pitecronics + -]
E— | =V [077/VN )+ (FWHM/2.35)VN > + (3.1 ps)* ]

g (Single detector) [pS]

10 20 30 40 50 60 70 80 90 100
Number of photoelectrons in each detector

Photonis Planacon, s/N 11180401 & 7300714
10 pm MCP hole diameter

22kV & 2.0kV on MCP-PMTs
Red laser diode (635 nm)

Not sensitive to single pe .
Linear for Npe ~ 30-50 o
e  The same electronics as in the test beam - Ortec electronics (9327CFD, TAC566, ADC114)
e Extrapolating to Npe = 1, one obtains much worse oy ~ 120 ps.

. | Fiber splitter

N
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Beam tests at SLAC and Fermilab

SLAC beam test, 10 GeV e*: Fermilab beam test, 120 GeV p:
W I Timing Resolution RAW [TAC]

Entries 83073 Entries 12667
Mean 3732+ 0.1082 ] Mean 2059 + 0.3171
RMS 12.99 = 0.07651 RMS 34.36 + 0.2242

Norm 1 424475
Norm 498952 Mean 1 2055 + 0.1

Mean 3732041 Sigma 1 7.541+ 0.143
Sigma 11.24 = 0.07 Norm 2 42,47 + 563
Mean 2 2057+ 0.7
Sigma 2 22.56+ 1.59

O

single detector
~25.3 PSs 0-single detector
~ 17 ps

. ey A iy 0 a1 M e ¥V 8 PO PP ’
3650 3700 3750 3800 3850 3900 2000 2050 2100 2150 2200 2250
TOF1 - TOF2 bl

All events - no ADC cuts or ADC corrections to timing in these two plots.

Difference between two tests: use a new quartz radiator with a new
aluminum coating in the in Fermilab test (coated by Photonis).
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120 GeV protons:

Loose ADC cuts and PH correction:

Beam test at Fermilab

ADCO with loose cuts:

Comrected TAC

h3

Bog

2047 + 01257

1147 & LOBdss

Bigma 2

HTE5-128

2045 = 0.1

BASE+ 0174
3424 2 1330

04T £ 0T
1392 = 1.73

a.

single detector

~14.5 ps

1 i 1
2000 2050 2100

!
2150

2200
TOF1

ADCO [TOF1] |

hd

| Entries

E00 700 0O

| Mean

13703

075 1.725
185.5= 1.218
Iz

RMS

MNorm 1
Mean 1
Sigma 1

213.1= 0.8
42.08 = 0.7T

500 1000
TOF1 ADC [ehd)

A_DC(] correction to CFD_:

[ ~ TAC vs. ADGO Profilo__ |

10743
260+ 5282
2054 + 06108
76 3742
.96 5 04319
2037409
01096 £ 0.0083

i

ADC [ch.0)

ADC1 with loose cuts:

ADCT [TOFZ] |

hd

1 fut i
300 400 500 600

Enftrigs
Mean
RMS
Normi 1
Mean 1
Sigma 1

13703
2032+ 1707
18732 1.207

B1.39+1.35
185.7£ 0.6
35.37 = 0.62

T00 800 GO0 1000

0 100 200

TOF2 ADC [chi)

ADC1 correction to CFD:

TAC vs. ADC1 Profile |

L .
150 00 250 300

h2prof
Emtrins 10743
Mean 2198 + 5105
Mean y 2054 4 06431
RS 69.02+ 3.61
B65EG ¢ 0,4548
2083+ 0.7
-0.05854 ¢ 0.00538

e e e e T

E.0932-05 = 8.E03e-06
T

- ....:.....L.J..lJl

. .
350 400
ADC jch. 1)

e ADC correction to CFD timing & loose ADC cuts
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Beam test at Fermilab

Tight ADC cuts and pulse height correction: Tight ADC cuts to eliminate doubles:
Corrected TAC | ha ADCO vs ADC1 | h16

Entries BEE1 Enirios 2T40E
Mean 2047 + 0.1203 ) i i
ﬂ RMS 9.86 + 0.0B505

Maan x 2066 : 1.724

Norm 1 ITT.TL102 co|Meany 2723+ 1.67

Mean 1 2046+ DA
Sigma 1 6.312+ 0.149
Norm 2 19.83 + 10.08
Mean 2 2047 = 0.9
Sigma 2 13.3=220

RMS x 1958: 1.218
RMSy 1898+ 1181

'.|||||ui|r

o

single detector

~ 14 ps

L[’II'I'_-”I||'|I|]|||I|||'I1|1|'||I|I|

b=
.
.-
-
- -
-
i
e

g IIII"|III|I '|I|III ‘Illlli'lllllll'

P ) ; iy Lo i g (i 42 e L
2000 2050 2100 2150 2200 2250 100 : 200 300 400 500 600
TOF1 - TOF2 ADCD

e ADC correction to CFD timing & tighter ADC cuts
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Are the results consistent with expectations ?

O tor ~ \/ [02 Mcp-pMT T 02 Radiator T 02 Pad broadening + 0-2Electr0nics + ... ] =
=V [(Oprg/VNL)? + (((12%1000um/cos©)/(300um/ps)/n gy, )V (12Npe))? +
+ ((6*1000um/300um/ps)/V (12Npe))? + (4.7 ps)? ] ~21.5 ps
For Npe = 36, contributions from each term: 203 ps 43ps 34 ps 4.7 ps

== Bxpected resolution (assume sigma-TTS ~ 120 ps)
Measured in 10 GeV e test beam - SLAC
Measured in 120 GeV p test beam - Fermilab
= Expected resolution (assume sigma-TTS ~ 30 ps)
Measured with laser (high gain): sigma-TTS ~ 27 ps)
Measured with laser (low gain): sigma-TTS ~ 120 ps)

| ) .
wn
="

(S
=
=]

=
=

[R
=
wn
&

=~

30 40 50 60 70 80 90
Number of photoelectrons

Use a calculation for the Fermilab test: Npe ~ (30 + 42)/2 ~ 36.

In principle, one could choose to go via a very high gain route and follow the
dashed blue curve to get into a 10 ps regime. For some applications it is
possible to consider. To do that one has to consider amp. saturation effects.
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Oyrs = f(gain) with laser & test beam electronics

\ J.Va’vra, log book 6, 2008

Low gain (2.3&2.07kV, G ~2-3x10%):

{} 30 40 50 60 T0 830 90 100
Number of photoelectrons Npe

30 40 50 60
Number of photoelectro

0 W0 20 30 40 50 60 70 ED %0 100 110
Number of photoelectrons
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Control it
PiLas

633 nm

Laser diode ‘

Fiber splitter

—

AN

Photonis Planacon, s/N 11180401 & 7300714
10 pm MCP hole diameter
9327 CFD, 566 TAC, 114 ADC

* Red laser diode (645 nm)

MCP start

MCP-PMT ’—> Amp >——»

MCP-PMT

I I TAC 566
> sTART
MCP_stop
STOP

Higher gain helps the o, measurement
with 9327 CFD, however, it does not help
in the range of Npe ~30-50, presumably
due to the amplifier saturation.
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Conclusions

I have outlined two clear choices how to proceed with MCP-
based TOF counters:

One choice to to run a very high gain with single pe
sensitivity, which could lead to a sub-ten ps TOF resolution.

However, one may have serious lifetime issues requiring
various QE protection solutions in a high bckg condition.

Another choice is a low gain operation, where the detector

is sensitive to tracks only, which would lead to somewhat
worse TOF resolution of ~15ps. On the other hand, one may
have, possibly, longer QE lifetimes.
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